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SCIENCE BUSINESS LINE

The Department of Energy’sinvestmentsin
science are investments in America s future.
Over the last half-century, our Nation’s
economic prosperity, quality of life, and
security stemmed from strong public
commitments to basic research. Most experts
agreethat publicly-funded scienceisexpected to
take on even greater importanceinthe new
century. Publicinvestmentsfill important gapsin
scientific knowledgethat are outside marketplace
forces, and they build the scientific foundationsfor
thetechnol ogy breakthroughsof thefuture.

AstheNation’sthird largest government sponsor
of basic research, DOE pushesthe envel ope of
fundamental knowledge, attempting to unravel
some of nature’ smost complex and stubborn
scientific mysteries. The Departmentisa
recognized leader in many of the physical
sciencesand makes substantia contributionsin
thefieldsof computation, biology, chemical,
and environmental sciencesthrough research
effortssupportiveof DOE'smissons. The
Department’ saccomplishmentsin science, dong
with those of itspredecessor agencies, are
partialy reflected through itssupport to 68 Nobel
Laureatesfrom 1934 through 1998.

Powerful accelerators, light sources, neutron
beam facilities, plasmaand fusion science
facilities, genome centers, and advanced
computationa centersarejust someof themajor
instrumentsof sciencethat distinguishDOE's
capabilitiesand enhancethe Nation'sscience
base. Theseunique capabilitiesareneeded for
DOFE'sbasic sciencemission. They asoenable
the Department to:

M  Buildthescientific foundationsfor

advancement of new optionsfor cleanand
affordableenergy.
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M Develop an understanding of the underlying
phenomenaand creates new optionsfor
managing theadverseheadth and
environmenta impactsassociated with
energy productionand use.

M Seek deep insghtsand pursue new waysto
control energy and matter at the most
fundamentd levels.

M Equip our Nation with some of the premier
instrumentsof scienceand support a
scientificworkforcethat will assure our
continued |eadership, prosperity, and
security well intothe 21% century.

l ; "
The Relativistic Heavy lon Collider (RHIC) at
Brookhaven National Laboratory will enable
scientists to explore some of the most fundamental
forms of matter by creating conditions similar to
those at the creation of the Universe.
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Situation Analysis

Thediscoveriesand breakthroughs attained by
DOE'’ s science programs both contributeto
fundamental scientificknowledgeand providethe
foundation for the applied research and
technology programswithin the Department.
Fundamental scientific support for DOE's
gpplied-sciencebusinesslinesiscriticaly
important. Theseresearch programsaredirected
at scientific and technologicd issuesthat are
becoming more complex. To meet thechallenges
of thefuture, we need to exploreentirely new
approachesand options—not just evolutionary
andincrementa changesintechnology.

Rapidly expanding economiesand populationsin
deve oping nationswill demand more energy, and
many of the currently available energy sources
have sgnificant adverseenvironmenta
conseguencesonlocal, regiona, and globd
scales. Basic energy researchisneeded asa
foundation for improving technol ogiesthat can
provideaternativeformsof fuels, seek out new
suppliesof traditiona fudls; convert knownfuels

In fusion, the nuclei of two hydrogen isotopes are
combined to form a helium nucleus, thereby
releasing a large amount of energy. To control
fusion on Earth, hydrogen must be compressed to
high densities and heated to hundreds of millions
of degrees. One approach, the tokamak (pictured
here) confines the hot dense “plasma” with strong
magnetic fields.
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tomoreefficient, environmentally benignforms;
and generate, store, and transmit electricity with
lesswaste. Fundamental scienceisalso needed
totrack pollutantsthroughtheir intricate
interactionswith the environment and to uncover
new waysto dispose of toxinsand reduce
climate-changing greenhousegases. Advancesin
scientific computation can be applied to enhance
globa climatemodeling, andlyzeenergy use, and
test strategiesfor mitigating adverse effects of
energy use. By unraveling the human genomeand
understanding the cdlular environment, wewill
havethescientific foundationto develop
capabilitiesto morerapidly detect and andyze
chemical, biological, and nuclear threats. These
complex challengesrequire cross-disciplinary
approachesfor both managing research projects
and making substantial progress.

Scientific breakthroughs sponsored by DOE have
also contributed to the start-up and growth of
many new businessesand industriesin the United
States. Technology innovation continuesto
expand the market share of U.S. companiesinthe
multi-hundred billion dollar per year globa energy
technology market. Businesscan now be
conducted worldwidewith afew keystrokes,
using computing and communi cationstoolsbased
on advancesin computational scienceand high-
energy physicsthat were supported in part by
DOE. New private-sector commercia activities
havearisenin such public research areasas.

M Hydrogen-based energy systems,

M High-temperature superconducting wires
and devices,

M Teraflop computersthat set world
benchmarksfor speed;

M Medicd diagnossandimaging
technologies,
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M Biomolecular design based onDNA
sequencing;

M  Portableenergy storage; and
M lonbeam and plasmatechnol ogy.

Scientific Excellence. Withthe current trend of
reduced investment by industry inlong-termbasic
research, government agenciesarebeing called
upon to assume moreof the burden for thelong-
termwaell being of the Nation’sscienceinterests,
andtodeliver morefor less. Theimperativefor
the science community hasnever been greater to
deliver themost valuableresearch within available
budgets. Toensurevauefor theresearch dollar
and excellencein performance, DOE dependson
rigorouspeer reviewsand on scientific advisory
committees. Peer review and advisory
committeesnot only contributeto assuring the
high quality of thework performed for DOE, they
help the Department to recognize and track
emerging trendsand needswithinthescientific
community. Thisoverall approachisrecognized
by many to be among the best and most thorough
processesinthefield of public research. DOE
placesacontinued high priority on managing these
processeswel | and searching out improvements
and refinementsthat will further strengthenthe
Department’sscientific management tools.

Multidisciplinary Resear ch. Theneedfor
greater cooperation and synthesisacross
programsand disciplinary boundarieshasbecome
apparent asthe scientific questionsbeing asked
grow increasingly complex and aretied to
pressing societal issues. Thisevolutiontoward
ever moremultidisciplinary researchrequiresnew
skills, greater teamwork, and new perspectives—
all of which can beoffered by scientistswith
interdisciplinary training. Accordingly, this
Strategic Plan and DOE’ sscience portfolio
includevariouscrosscutting initiatives, someof
whichwereformulated during the planning
processes. They and smilar initiativeshold the
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keysto someof themost promising future areas
of science.

International Collaborations. Thetrends
towardincreasinginternationa collaborationin
scienceraiseissuesregarding therolesand
responsibilitiesof participating nations. If DOEs
to beperceived by theinternational community as
adependabl eresearch partner, the Department
must receive sufficient long-term, stablepolitical
and budgetary support to be ableto makeand
liveup to commitmentsfor long-term science
projects. Otherwise, werisk being excluded
fromimportant collaborative venturesthat arein
our national interest.

Integration of Scienceand Applied

Resear ch. DOE needsto achieve greater
integration between basic and applied research
programs. Highly participatory strategic planning
processes, the devel opment of science and
technol ogy roadmaps, and coordinated
workshopsthat focusonintegrational helpto
strengthen thelinkages between scienceandits
potentid beneficiaries.

LHC DMPOLE : STANDARD CROSS-SECTION

The Large Hadron Collider, now being built at the
European Laboratory for Particle Physics (CERN)
promises discoveries of great scientific importance
that will advance our understanding of matter and
energy. U.S. participation in this large international
collaboration ensures full access for the U.S.
research community to this frontier in physics.
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Coordination Between Headquartersand
Field Elements. Toimprovecoordination
between DOE Headquartersand itsfield
elements, the Department ismaking amajor effort
to strengthen relationships, bring clarity toroles
and respongbilities, and improve communications.
The Office of Scienceisencouraging greater
diaogue, accelerating itsplanning activities, and
taking other stepsto improve operations so that
administratorsand scientiststhroughout the
complex functionin aseamless, connected way.

Key External Factors

Despitelarge-scaledownsizing and government-
widebudget cutsover recent years, both the
White House and the Congress have consstently
supported science programs. Thissupport
reflectsthewidey held public view that basic
researchisimportant to U.S. competitivenessand
long-term nationd interests. Whilethereare
differencesfrom agency to agency, the budgets of
most Federal programsand agencieshave
remained at |east stable, and many have
accommodated at |east some modest growth
whenviewed againgt inflation. Continued and
possibly expanded support isjustified for Federa
science programsgiven that therewasa 38
percent declinein private-sector R& D spending
by the 112 largest U.S. el ectric utilitiesbetween
1993 and 1996; that world energy consumptionis
projected to increase by four timesthe current
levelswithinthe 21% century; and that the pace of
scientific discovery andtechnological
advancement isaccel erating, fostering fierce
international competitionfor technologica and
market advantage. Continued support for DOE’s
science programsisanticipated, with modest
increases expected over thenear term. This
factor will affect, to greater or lesser degrees, all
of thefour scienceobjectives. Presdent Clinton
requested that the 1997 report from PCAST on
the Nation’senergy R& D portfolio“addressthe
Nation’senergy and environmental needsfor the
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next century.” DOE a solaunched adetailed
effort to review the portfolio of scienceactivities
at DOE. Thiseffort wasbased onastrategic
framework informed by over ahundred of the
Nation’'sleading scientists, technologists,
planners, and futurists. Considering major
externa factorsand core competenciesof DOE,
several important sciencethemesemerged aspart
of thereview effort and planning process, giving
riseto focused discussionsand greater attention
on complex and adaptivesystems, including
nanotechnol ogy; computation; and carbon
sequestration, to nameafew. Complex and
adaptive systemsimpacts science Objective SC3.
Computationiscrosscutting, but strongly impacts
Objective SC4 and, carbon sequestration impacts
Objective SC2.

Interagency Crosscutting
Coordination

Throughout DOE’s programsin biological and
environmental research, computationd
disciplines, and basic energy sciences, the
Department coordinatesclosaly with other
agencies, especialy in conducting science
programsinwhich several agencieshave specific
roles. Anexampleisthe program to sequence
thehuman genome. Additionally, DOEisa
member of the Administration’sNational Science
and Technology Council, whichworksto ensure
Interagency cooperation and coordination.
DOE'spartnersinclude, but are not limitedto the
National Science Foundation, theNational
Institutes of Heelth, the National Aeronauticsand
Space Administration, and the Department of
Defense. Additiond information about the
coordination and crosscutting activitieswith other
Federd, Stateand local agenciesisavailablein
Appendix A.
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Congressional and Stakeholder
Consultations

Theframework for the Science BusinessLine
resulted from two national workshopsheldin
1998. They included the participation of more
than ahundred |eading scientists, technol ogists,
high-tech managers, science communicators, and
futuristsfrom laboratories, other government
agencies, Congress, DOE offices, and academic
ingtitutions. During post-workshop development
of the strategic framework, the Director of DOE’s
Officeof Scienceengagedin numerous
conversationswith thescientific community, the
Congressional committeesof jurisdiction, the
Office of Management and Budget, and broader
stakeholder communities.

SCIENCE PORTFOLIO
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The Science Portfolio is part of a broader DOE
initiative to review all of the R&D, basic and applied,
within DOE in light of our long-term strategic
framework.

Asthedtrategic planning progressed, interim
versionsof theframework were posted onthe
Web, and broad-based review and feedback
were encouraged and received. Finaly, DOE's
maj or science advisory committeeswerebriefed
ontheevolving product, and their responseswere
factoredinto thefinal version of thisPlan.

Program Evaluation
and Analyses

The Office of Science conductsextensive peer
reviewsand engagessevera advisory committees
initseffortsto ensurethat DOE programsare
adequately reviewed and evaluated. Virtualy al
research projects supported by the Office of
Science undergo regular peer review and merit
eval uation based on procedures set downin 10
CFR Part 605 for theextramural grant program
and in analogous processes established for the
laboratory programsand scientific user facilities.

The Office of Sciencealso makesextensiveuse
of the six standing committees constituted under
the Federa Advisory Committee Act—theBasic
Energy Sciences Advisory Committee, the
Biologica and Environmental Research Advisory
Committee, the High Energy PhysicsAdvisory
Pandl, the Nuclear Science Advisory Committee,
the Fusion Energy Sciences Advisory Committee,
and the Advanced Scientific Computing Advisory
Committee. Critical adviceand valuable
recommendations are regularly obtained from
these committees of independent expertson
program content, scientific quality, future
directions, research priorities, and proposed
scientificuser facilities.

Todevelopthegodls, objectives, and strategies
contained within the Science BusinessLine, DOE
drew on the participation of advisory committee
membersand many others, in two national
workshops. Additionally, background and
supporting conceptswereraised and discussed in
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many sourcesfrom advisory committees, building
onmaterial andideascontainedinreportssuch
&

M Planning for the Future of High Energy
Physics: (February 1998). A subpanel
report of theHigh Energy PhysicsAdvisory
Pandl.

M Scientific Discovery through Computing:
(March 2000). A review and plan
submitted to Congress on the computational
needs of DOE science programs.

M Nanoscale Science, Engineering and
Technology Research Directions:
(September 1999). A study conductedin
preparation for the national, interagency
researchinitiativein nanotechnol ogy.

M Complex Systems—Science for the 21
Century: (August 1999). A review of the
Issues, opportunitiesand plansfor the
science behind fundamental complex
structures.

M Human Genome Project Five Year Plan
(1999-2003): (October 1998). A

collaborative plan developed during aseries

of DOE and National Ingtitutesof Hedlth
workshopsand advisory committee
mestings.

M Carbon Sequestration Research and
Development: (December 1999). A
collaborativereview and resulting science/
technology roadmap devel oped by the
Officeof Scienceand the Officeof Fossil
Energy.

M Prioritiesand Balance Within the Fusion
Energy Sciences Program: (September
1999). A review and evauation of the
balance, priorities, and long-rangegods
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withintheresearch program, prepared by
the Fusion Energy SciencesAdvisory
Committee.

Additionally, thedraft goals, objectives, and
strategieswere provided to the Advisory
Committeesfor review and comment. Not only
did documented reviewsand evaluations serveto
disseminateinformation about thestrategic
framework, but in addition, thereviewersand
evaluatorshad an opportunity to participate and
influencethe outcome of the planning process.
Project-level peer reviews(distinct fromthe
Advisory Committee process) have had astrong
bearing ontheresearch prioritiesand funding
alocationswithinindividua strategies, rather than
onthenature of the strategies.

Numerousauthoritative studieshave concluded
that extensive use of milestonesand quantitative
measuresareinappropriatefor evauating the
progress of basic research. For example, the
National Academy’sCommitteeon Science,
Engineering, and Public Policy report,
Evaluating Federal Research Programs:
Research and the Government Performance
and Results Act (1999), states:

“ For applied research programs, progress
toward specified practical outcomes can
usually be measured annually by using
milestones and other fairly standard
approaches common inindustry and in
some parts of the federal government. For
basic research, in contrast, progress
toward practical outcomes cannot be
measured annually, and attemptsto
measure such progress annually can in fact
be harmful. Basic research progress can be
reported annually in terms of quality,
leader ship, and relevance to agency goals,
but practical outcomes can be measured
only against a far longer historical

per spective.”
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The Committee’srecommendationsincludethe
following strong warning:

“ The use of measurements needs to
recognize what can and cannot be
measured. Misuse of measurement can
lead to strongly negative results; for
example, measuring basic research

on the basis of short-term relevance
would be extremely destructive to
quality work.”

Theofficesresponsiblefor fundamenta research
programswithin the Office of Scienceevauate
and andyzetheir research activitiesusing
quditative peer review mechanisms. Although
peer review isthe paramount performance
measure, some other appropriate measuresare
used in conjunction with peer review. These
include selected quantitativeindicatorsor metrics,
customer eva uationsof user facilities; milestones
for construction projects; and quditative
assessmentsof the outcome of prior research,
including those provided by historical
retrogpectives, annua program highlights, and
high-profilereviewsconducted by the National
Academy of Sciencesand other independent
organizations.

Resource Requirements

With themodest increase over the past three
yearsin DOE’s scienceresearch budget, the
Department has been ableto selectively fund
high-priority new initiativeswhilepreserving, with
someshiftsinemphasis, the coreresearch
activities

Inthefuture, the need to keep pacewith
advancesin sciencewill require substantial
modificationsto exigtingingrumentationand, in
many cases, completely new facilities. The
associated additional costscannot be
accommodated withinalargely level funding base.
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Additionally, many of the support facilitiesand
buildingsthat are essential to the continuation

of the science are aging and in disrepair—some
asold as50years. The poor conditions of
these general-purposefacilities have adverse
implicationsfor the safety, security, cost, and
continuity of DOE’s science laboratories.
Further, it will beincreasingly difficult, to attract
and retain the next generation of qualified
scientistsunder the current working conditions
insuchfacilities.

Twoimportant human resourceissuesare
anticipated to strongly influence our science
programsintheyearsto come. Each presents
vulnerabilitiesand chalengesthat must be
addressed. First, arecent study by the National
Science and Technology Council projects
possible shortfallsin the science and technol ogy
workforceof thefuture. Thisproblemwill affect
both the private and public sector research
communities. DOE co-chaired thisstudy and will
be proactivein helping toimplement someof the
solutions,

Thesecondissueisof immediate concernto
DOE sscienceprograms. Anaarmingly high
percentage of Federal science program managers
areadready at retirement age or within oneto two
yearsof beingdigible. Thissituation creastesa
high risk for the Science Program that has been
difficult to addressbecause of inherently lean
operationsand externaly imposed staffing
congraints. Thesecongraintshavelimitedthe
ability to createan effective succession plan. At
risk isthecritical experienceinmanaginglarge,
complex scientific programs, aswell asvital
ingtitutiona and historical knowledgevested with
these senior technical staff. Becausetheexodus
of theseemployeesislikely to be concentrated
over ashort period of time, it will beachallenge
to achievethedesired smoothtransitiontoa
younger workforce.
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Finaly, theinternational scientificcommunity is
growing more connected and the pace of
scienceisbeing accel erated because of
advancesin computation and communication.
By taking advantage of thelatest technologies
inthese areas, which requires considerable
resources, DOE stays at the forefront of
research, creates opportunitiesfor much more
collaborative approachesto science, and
provideswider and moretimely dissemination
of thevast amount of scientificinformation that
the Department generates. Through
investmentsin new capabilitiesin computation
and communication, DOE isableto increase
inter-laboratory collaboration, conduct
experimentsfrom remote locations, and use
scientific simulation asapotential substitutefor
more costly experimentation.

SCIENCE
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SCIENCE GENERAL GOAL

Advance the basic research and instruments of science that are the
foundations for DOE’s applied missions, a base for U.S. technology
innovation, and a source of remarkable insights into our physical and
biological world and the nature of matter and energy.

DOE science programs lead the Nation in many of the physical sciences and
contribute major advances in the biological, environmental, chemical, and
computational sciences. These programs extend the frontiers of scientific
knowledge in service to DOE’s applied missions in energy resources,
environmental quality, and national security, and in support of a fundamental science
mission to explore the nature of matter and energy. The Department’s programs
directly support award-winning researchers, as well as provide access for many
other scientists who, sponsored by other agencies, universities, not-for-profit
institutions, and companies, utilize the Department’s premier instruments of science
for the benefit of the Nation.
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Introduction

Thescience programsat DOE, discover basic
knowledgeand providethefoundation for the
applied research and technology programswithin
the Department’s Energy ResourcesBusiness
Line. Sustained advancesintechnologiesfor
energy production and energy efficiency aremade
possible by thelong-term research conducted
withinthe Office of Science sprogramsinBasic
Energy Sciences, Fusion Energy Sciences, and
Biologica and Environmental Research. In
particular, these science programs contributeto
breakthroughsin the understanding of
fundamenta processesand phenomenain:

M chemidry;
M maeids
M plasmasandfusion;

M plant, microbial, and other formsof solar
converson;

M eectrochemical sciences,

M combugtionand catayss,

M and many other relevant fields.
Theresearch addresseskey issuesinthe
development of new fuels, clean and affordable
€l ectric power, and efficient energy use.
DOE’sscience programs serve asacornerstone

for U.S. leadershipinmany scientific disciplines.
They are pursued through research programsat

SCIENCE

OBJECTIVE SC1
Provide the leadership, foundations, and breakthroughs in the physical sciences
that will sustain advancements in our Nation’s quest for clean, affordable,
and abundant energy.
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universitiesand nationd laboratories, andthe
researchisconducted in cooperation and
partnership with the applied research programsin
DOE, other Federal science agencies, and
indudtry.

The Objective’s Measures

DOE hasestablished thefollowing performance
measures. These measuresprovidethebasisby
whichthe Department will know it hasachieved
theobjective, or ismaking progresstoward it.
These measureswill betrang ated into annual
targetsfor performance plans and budgetsfor
the Department.

M Improveunderstanding of hydrogen-related
surfacechemigtry leading to efficiency gains
for hydrogen production and storage, and
increased use of hydrogen both asa
primary fud andinfud cells.

M Makeadvancesinthesynthesisof
superconductivity materia sthat may lead to
superconducting devices capabl e of
operating at temperatures above 100°K,
magneticfieldsabove4 teda, or currents
above 100,000 amperes per square
centimeter for moreefficient overal systems
for thestorage and transmission of electric

power.

M Develop moreadaptable, higher resolution
seigmicingrumentation, including new
sourcesand detectors, and improved
computer a gorithmsfor tomographic
imaging of hydrocarbon reservoirsand
subsurfacetransport pathways.
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M Advancee ectrolytechemistry andimprove
understanding of ion solutionsand surface
chemistry that will lead tolonger lasting,
higher capacity, rechargeabl e batteries—
eventhinner and lighter than plasticwrap.

M Develop new metalsand ceramicsdesigned
at theatomiclevel, capable of withstanding
even greater levelsof severe physical and
chemical stressesand extremes of
temperatures, leading to applicationsin
manufacturing processesand power
production.

The Objective’s Strategies

Thefollowing strategiesdescribetheway in
which the Department will work toward achieving
thisobjective. Theseactivitieswill betrandated
into annua budgets and performance plansfor the
Department.

M Advancethesciencefor the development of
new and improved sourcesof domestic
fuels, with research emphasison chemistry
and materialssciencefor energy
conversion; plant, microbia, and solar
conversion sciences, and geosciences.

M  Explorethesciencethat will lead to
advanced generation, storage, and
transmission of eectricity, withresearch
emphasison metas, ceramics, and
condensed matter physics; electrochemical Bt M
sciences, and plasmascienceand fusion A i (U
research. ﬁf&fg 3¥

s Y :'u- . _'I"-_ '11.-

S

M Deveopthescientific foundationsfor

cleaner, safer, and more efficient energy The ability to control and manipulate materials at
use, with research emphasison combustion the atomic, or nanometer, level is ushering in an
science, advanced materialsfor efficiency. age of “Nanotechnology” with incredible promise for

enqinesring scen and new catavsisand the U.S. economy. The self-assembling
g 9 CeS y nanostructure pictured above forms an extremely

chemical transformations. thin film that is “sticky” on one side and “slippery”
on the other.
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Introduction

The science programsof DOE—in particular
Biological and Environmental Research and
Basic Energy Sciences—contributesubstantialy
to our fundamenta understanding of theimpacts
of energy use (including energy by-products) on
human health and onlocal and global
environments. Suchinformationiscriticaly
needed to assessthe hedlth and environmental
challengesposed by different energy options, to
formulateeffectivenationa policiesinthisares,
andtoinvestigate new energy aternativesthat
offer greater benefitswith lower concomitant
rsks.

DOE science programsa so underpin the
Department’sEnvironmenta Quality Business
Line. Researchispursued onlong-term science
issuesthat are pertinent to moreeffectiveand
safer approachesto cleaning up DOE facilities, as
well asoptionsfor thelong-term management and
final disposition of wasteat DOE sites. Beyond
thesetwoimportant applications, theresulting
scientific toolsand capabilitiesoften have broader
researchimplications. DOE isfrequently caled
upon to partner with other agenciesin pursuit of
other nationa life-scienceand environmental
research challenges, including but not limited to
activitiessuch asthe Human Genome Project.

SCIENCE

OBJECTIVE SC2

Develop the scientific foundations to understand and protect our living
planet from the adverse impacts of energy supply and use, support long-term
environmental cleanup and management at DOE sites, and contribute core
competencies to interagency research and national challenges in the
biological and environmental sciences.

The Objective’s Measures

DOE hasestablished thefollowing performance
measures. Thesemeasuresprovidethebasisby
whichthe Department will know it hasachieved
theobjective, or ismaking progresstowardiit.
These measureswill betrang ated into annual
targetsfor performance plans and budgetsfor
the Department.

M Improvethespatia resolution of climate
model sused to s mulatethedynamic
behavior of the earth’s ocean-atmosphere
system from the current 300 km x 300 km
to 150 km x 150 km.

M Improvethe atmospheric transport and
transformation model sused to accurately
and quantitatively predict thedistribution
and concentration of pollutantsemitted from
energy technologiesinto the atmosphere.

M Modify at least fivemicrobesor microbial
enzymesfor potential useincleaningup
radioactive wastes, toxic pollutants, or
modifying and upgrading fuel stocks.

M Improvetheaccuracy of biogeochemica
modelsused to s mulate both the net
amount of carbon dioxidethat isexchanged
between the atmosphere and major
terrestrial ecosystemseach year and how
much the net exchangeisor would be
affected by changesin vegetation or the
way theland isused.
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M

Improvetheunderstanding of the M Create new science-based approachesthat
biomolecular effectsof low-doseradiation, minimizeenergy by-productsand protect
including geneticfactorsthat determine the biosphereand human hedlth, with
individual sengitivity, toimprovethe research emphasison pollution

scientific basisfor protecting peopleandthe minimization, cleanup and remediation,
environment from exposureto hazardous carbon sequestration, and health protection
energy by-products. regulation and medical research.

Develop at least five new radio-

pharmaceutical sand the associ ated
instrumentation needed for the precise
imaging of genefunctioninthebody; for the
diagnosisof cancer, brainfunction, and
heart diseases; for the staging of surgery;
and for monitoring the progressof disease

therapy.

The Objective’s Strategies

Thefollowing strategiesdescribetheway in Bl —=miE
which the Department will work toward achieving

thisobjective. Theseactivitieswill betrandated o
into annual budgets and performance plansfor the

Department.

M

Improveour scientific understanding of the
sourcesand fate of energy by-products,
with research emphasison sourcesand
transport in the biosphere and on chemical _ SR ——
interactionsand transformations.  Em

Provideabasic understanding of the
biology and ecology of energy by-products
asthey affect humansand the natura world,
with research emphasison human hedth
impactsand risks, ecosystem and biological
responses, and regional and global
CoNsequences.

Afirst step toward understanding and perhaps
mitigating climate change is an assessment of
research needs. This report summarizes the five
key areas DOE identified as needing additional
research to better understand the complex
interdependencies of the global climate.
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Objective SC3

Explore matter and energy as elementary building blocks from atoms to life,
expanding our knowledge of the most fundamental laws of nature spanning scales
from the infinitesimally small to the infinitely large.

Introduction The Objective’s Measures

DOE hasasciencemission to explorethe nature DOE hasestablished thefollowing performance

of matter and energy at itsmost fundamental measures. These measures providethebasisby

levels. Support from fivescience programs whichthe Department will know it hasachieved

combineto addressfundamenta questions theobjective, or ismaking progresstowardiit.

surrounding the essence of matter, time, energy, These measureswill betranslated into annual

and space; nature and originsof theuniverse; targetsfor performance plans and budgetsfor

building blocksof life; and complex and adaptive the Department.

systems, some capable of self-assembly and

ranging from plasmas and molecular systems M Confirm theexistence of theHiggsboson

of materialsto living organisms. The andthefirst supersymmetric particles.

supporting science programs include High

Energy Physics, Nuclear Physics, Basic M Develop aquantitative understanding of

Energy Sciences, Biological and how quarksand gluonsprovide thebinding

Environmental Research, and Fusion Energy and spin of the nucleon based on quantum

Sciences. chromodynamics, further clarifyingthe
theory of strong interaction asacomponent

Exploration of the nature of matter and energy is of the Standard Model.

highly collaborativeand DOE’sendeavorswill

continueto benefit from many nationa and M Prepareacoherent modd of theoriginand

internationa partnerships. Intheareasof High fate of the universe, supported by and

Energy Physics, Nuclear Physics, and Fuson cong stent with observations of neutrino

Energy Sciences, the Department’ sresearch mass, cosmic background radiation, distant

programsand advanced scientificinstruments guasarsand supernovas, and dark matter.

position the United States prominently asan

internationa leader inthese physical sciences. M Developoptical, ion, and plasmabeam

DOE sBasic Energy Sciencesand theBiologica technology that can lead to electronic

and Environmental Research programsaso circuitry 10timesdenser thanthat on

exhibit |eadership through their unique capabilities today’schips.

andresearchfacilitiesand their specia expertise

ingpecificdisciplines. M Completeadraft of the human DNA

sequence by theend of 2000 and theentire
sequence by 2003, aswell asthe genomes
of many other animalsand microbes, to
providethe starting material needed to
understand both norma and abnormal
functionincluding devel opment, function,
and disease.
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M Vaidate new approachesand supporting
sciencefor plasmaconfinement and basic
plasmaphenomena, providing the
foundationsfor possibleenergy
goplications.

The Objective’s Strategies

Thefollowing strategiesdescribetheway in
which the Department will work toward achieving
thisobjective. Theseactivitieswill betrandated
into annual budgets and performance plansfor the

Department.

M Advancetheunderstanding of the nature of
matter at themost fundamentd level, with
research emphasison el ementary particles
and their interactions, nuclear matter and
interactions, atomsand molecules, and
biomolecular building blocks.

v Exploretheevolutionandfateof the
universethroughthefundamental
relationshipsof energy, matter, time, and
space, with research emphasisonthe
beginning of the cosmos, creation of nucle
and matter, evolution of astrophysical
structures, and formation of life.

M Understand and improveour ability to
control complex systemsof matter, energy,
and life, with research emphasison complex
phenomenaand adaptive systems.

The “Standard Model” summarizes the current
knowledge of Particle Physics. It is a theory that
accounts for all observed particles and their
interactions. It explains the forces that hold atoms
and nuclei together or lead to their decay. More
than three decades of theoretical and experimental
efforts went into establishing this fundamental
theory.
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OBJECTIVE SC4

Provide the extraordinary tools, scientific workforce, and multidisciplinary research
infrastructure that ensures success of DOE’s science mission and
supports our Nation’s leadership in the physical, biological, environmental,
and computational sciences.

Introduction

DOE playsauniqueroleintheNation’sscience
enterprisethroughits support of abroad variety
of uniqueuser facilitiesand laboratories, including
large accelerators, experimenta detectorsand
reactors, synchrotrons, massively parallel
computers, high-capacity networks, and high-
resol ution microscopes. Thousandsof scientists
from DOE snationa |aboratories, from
universities, private companies, and other
agencies of the U.S. government use these
extraordinary tools of science to advance the
frontiers of knowledge. For many scientists,
these facilities provide the only means for
conducting the world-class research that has
positioned the U.S. as aleader in the physical,
biological, environmental, and computational
sciences. The Department hasacontinued and
important responsibility to maintainand nurture
thisinfrastructure, dong with thenationd
laboratory system and the broader community of
scientiststhat perform DOE’ sbasic research.

The Objective’s Measures

DOE has established thefollowing performance
measures. Thesemeasuresprovidethebasisby
whichthe Department will know it hasachieved
the objective, or ismaking progresstoward it.
These measureswill betranglated into annual
targetsfor performance plans and budgetsfor
the Department.
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M Meet milestonesfor new accelerators,
testbeds, and detectorsfor particleand
nuclear physics, and (as supported by the
physicscommunities) next-generation
machinessuch asthe Next Linear Collider,
Muon Collider, Rarelsotope Accelerator,
and advanced | aser-based optical
accelerators.

M Meet commitmentsand make progress
toward new and upgraded probesand
indrumentsfor investigating materids,
chemical processes, andlife, including the
completion of the Spallation Neutron
Source, fourth-generation light sourcessuch
asfreeelectron lasersand femtosecond x-
ray lasers, and new accel erator and reactor
designsfor the production of research and
medical isotopes.

M Createthe softwarethat enablesparallel-
processor supercomputersthat are capable
of petaflop speeds (athousand trillion
floating-point operations per second) to
serveas powerful platformsfor solutionsto
many complex problemsand makethese
computersavailableto researchersworking
on problemscritical to DOE’'smissions.

M Complete aneedsassessment by early
2001, for modernizing DOE’sscience
|aboratoriesto ensuretheir continued
viability to adequately support DOE
research missionsinthe21% century by
correcting long-standing environmentd,
safety, hedlth, facility, and infrastructure
deficiencies, anticipating the changing nature
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and needsof research activitiesand
achieving aworld-classresearch setting.

M Implement effective programsfor science
education throughfellowshipsinuniversities
and colleges, teacher training for secondary
schools, outreach to communities, and
broad partnership programsin scienceand
technology.

The Objective’s Strategies

Thefollowing strategiesdescribetheway in
which the Department will work toward achieving
thisobjective. Theseactivitieswill betrandated
into annual budgetsand performance plansfor the

Department.

M Provideleading researchfacilitiesand
instrumentation that expand thefrontiersof
thephysica and natural sciences, with
emphasison accel erators and detectorsfor
high-energy and nuclear physics; light
sourcesand neutron beam facilities; and
specidized scientificfacilities

M Advancescientific computation and
smulation asafundamenta tool for
discovery, with emphasison science
applicationssoftware, ultra-high
performance computation and
communicationsfacilities, and computer
science and enabling technol ogies.

M StrengthentheNation'singtitutiona and
human resourcesfor basic scienceand
multidisciplinary research, withemphasison
thenational laboratory system, disciplines
essentia to our missions, scientificand
technical information accessand use,
science education, and broadening the
scope of research performers.
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SPALLATION NMEUTROM SoURcE 5%

Complementing today’s reactor and accelerator-
based neutron sources, the Spallation Neutron
Source (SNS) at Oak Ridge National Laboratory is
being built by a five-laboratory partnership to provide
the most intense beam of neutrons in the world.
Scientists will use this neutron beam to probe the
properties of matter with extremely fine resolution
for basic research and industrial applications in
many fields from materials to medicine.
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Linkage to Budget Structure

The Sciencegoal issupported by four objectives.
Each objectiveisbeing pursued through long-
term strategies. Theannua performance
measures arediscussed withthe Decison Unitsin
the Annua Performance Plan, whichissubmitted
with the budget for eachfiscal year. The
following chart showstherelationship between
Decision Unitsand objectives.

Science Goal:
Advance the basic research and instruments of
science that are the foundations for DOE’s applied
missions, a base for U.S. Technology innovation, and
a source of remarkable insights into our physical and
biological world and the nature of matter and energy.

Sc1: Physical Sciences in
Quest for Clean, Affordable
and Abundant Energy

SC2: Science Foundations
to Protect our
Living Planet

SC3: Matter and Energy

as Fundamental
Building Blocks

SC4: Extraordinary
Scientific Tools, Workforce,
and Infrastructure

Basic Energy Sciences
(SC)

Fusion Energy
Sciences
(SC)

Biological &
Environmental Research

(sc
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Biological &
(SC)

Environmental Research

(SC)

Basic Energy Sciences
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High Energy Physics
(SC)

Nuclear Physics
(SC)

Biological &
Environmental Research

(SC)

Basic Energy Sciences

SC)

L__| Fusion Energy Sciences

(SC)

Advanced Scientific
Computing Research
(SC)

Multiprogram Energy
| Labs-Facility Support
(SC)

Technical Information
] Management
(SC)

Energy Research
i Analysis
(SC)

|| Basic Energy Sciences
(SC)

Biological and
Environmental Research
(SC)

High Energy
— Physics
(SC)

Nuclear Physics
] (SC)

Fusion Energy
— Sciences
(SC)
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